Flavoxate hydrochloride, 2-piperidinoethyl 3-methyl-4-oxo-2-phenyl-4-H-chromene-8-carboxylate, is a smooth muscle antispasmodic. Its electrochemical behavior was studied at the mercury electrode in buffered solutions containing 30% (v/v) methanol using dc-polarography, differential-pulse polarography, cyclic voltammetry, and linear sweep-and square-wave adsorptive stripping voltammetry. Sensitive and precise procedures were developed for determination of bulk flavoxate hydrochloride and in the pharmaceutical formulation Genurin R S.F, without sample pretreatment or extraction. Limits of quantitation (LOQ) of 1 × 10 −5 , 5 × 10 −6 , 1 × 10 −8 and 1 × 10 −9 M flavoxate hydrochloride were achieved by dc-polarography, differential-pulse polarography, linear sweep and square-wave adsorptive stripping voltammetric, respectively.
Introduction
Flavoxate hydrochloride (Scheme 1), 2-piperidinoethyl 3-methyl-4-oxo-2-phenyl-4-H-chromene-8-carboxylate), belongs to a series of flavone derivatives which exhibit strong smoothmuscle activity, especially on the urogenital tract [1, 2] . Few analytical methods have been reported for the determination of flavoxate in pharmaceutical formulations and human biological fluids. These include spectrophotometry [3] , capillary electrophoresis [4] and high performance liquid chromatography [5] . No information is available concerning the electrochemical behavior or quantitation of flavoxate hydrochloride.
In this work we throw light on the electrochemical reduction of flavoxate hydrochloride at the mercury electrode in buffered solutions and describe simple and precise electroanalytical procedures for its quantitation in bulk form and in a pharmaceutical formulation without sample pretreatment or extraction.
Experimental

Apparatus
A Model 4001 (Sargent-Welch, USA) pen recording Polarograph and the cell described by Mietes [6] were used for the polarographic measurements. The characteristics of the dropping mercury electrode (DME) were: m = 1.1 mg / s, t = 3.3 s (in 0.1 M KCl at open circuit) at a mercury height of 60 cm. A saturated calomel electrode (SCE) was the reference.
PAR computer-controlled Electrochemical Analyzer Models 273A and 263A (Princeton Applied Research, Oak Ridge, TN, USA) were used for differential-pulse polarography as well as cyclic, linear-sweep, and square-wave voltammetry. The electrode assembly was a PAR Model 303A with a micro-electrolysis cell incorporating a three electrode system comprised of a hanging mercury drop working electrode (area of HMDE: 0.026 cm 2 ), an Ag/AgCl/KCl s reference electrode and a platinum wire auxiliary electrode. A magnetic stirrer (PAR 305) was used to provide transport during the accumulation step of the stripping voltammetric measurements. All measurements were automated and controlled through programming. Ten tablets were powdered and mixed. A quantity of the homogeneous powder equivalent to 400 mg of flavoxate hydrochloride was diluted to volume with methanol in a 100 mL volumetric flask, then sonicated for 15 min. The desired concentrations were obtained by accurate dilution with methanol. These solutions were then analyzed.
Supporting electrolyte
Britton-Robinson universal buffers (pH 2-11) and acetate buffers (pH 3.5 -6.2) were prepared [7] from analytical-grade chemicals and used as supporting electrolytes. The pH-meter (Crison, Barcelona, Spain) and the glass electrode were calibrated in pure aqueous buffer. The pH values of the electrolysis solutions in 30% (v/v) methanol are apparent values.
A Mettler balance (Toledo-AB104, Switzerland) was used for weighing the solid materials. Deionized water was supplied from a Purite Still Plus Deionizer connected to a Hamilton Aquamatic double distillation water system.
Results and discussion
3.1 DC polarography DC polarograms of 2.5 × 10 −4 M flavoxate hydrochloride in pH 2-11 B-R universal buffers containing 30% (v/v) methanol exhibited two irreversible cathodic waves (Fig. 1 ). The limiting current of the second wave was almost double that of the first at pH ≤ 9. The total limiting current was practically pH-independent up to pH 9. At higher pH values the limiting current of the second wave decreased and the shape of the wave distorted. The observed reduction of flavoxate hydrochloride at the mercury electrode may be attributed to the reduction of the 2-phenyl-4-H-chromene moiety (Scheme 1, positions [1] [2] [3] [4] [5] [6] [7] [8] . This suggestion was supported by molecular orbital energy calculations (Gaussion 98) for flavoxate, since the 2-phenyl-4-H-chromene moiety was found to have an electron deficiency (i.e. a higher orbital energy than that of the other centers), which facilitates the consumption of electrons. These calculations also showed that the LUMO level is delocalized over the 2-phenyl-4-H-chromene moiety. Analysis of the polarographic waves of flavoxate hydrochloride using the fundamental equation for irreversible polarographic waves [6] exhibited linear E d.e. vs. log (i/i d − i) plots over the pH range 2-9 with slope values S 1 (S 1 = 59 mv / αn a ) of 48-56 mV, from which values of αn a (1.05-1.23) and the symmetry coefficient α (0.52-0.62) were estimated. These values confirmed the irreversible nature of the reduction of flavoxate hydrochloride at the mercury electrode. The half-wave potential (E 1/2 ) shifted to more negative values with increased pH, indicating the involvement of protons in the electrode reaction, and suggesting that proton transfer precedes electron transfer [8] . The E 1/2 -pH plots for the 1 st and 2 nd waves over the pH range 2-9 are straight lines with a slope S 2 (S 2 = P 59 mv / αn a ) of 40 mV. The number of protons P participating in the rate-determining step of the reduction was calculated from the relation [6, 9] :
In addition, the previously estimated symmetry coefficient α values (0.50-0.63) were obtained when the number of electrons involved in the rate-determining step (n a ) equals two (i.e. the ratio P/n a = 0.5). DC polarograms of 1 × 10 −5 to 2.5 × 10 −4 M flavoxate hydrochloride were recorded in pH 4 B-R universal buffer and in pH 4 acetate buffer. The polarograms exhibited two waves; the total limiting current was better developed in the acetate buffer. In this buffer the total limiting current (i l ) vs. the flavoxate hydrochloride concentration (C) was linear: 
was obtained. The slope (0.94) is very close to the theoretical value (1.0) for the ideal reaction of a surface species [12] , indicating interfacial adsorption of flavoxate hydrochloride onto the mercury surface. 
Stripping voltammetry
A single well-defined irreversible cathodic peak was exhibited by both linear sweep and square-wave voltammograms of 1 × 10 −7 M flavoxate hydrochloride in pH 2-11 B-R universal buffers and pH 3.5-6.0 acetate buffers, following accumulation onto the HMDE for 30 s. The peak was well developed and sharper in the pH 4 acetate buffer; therefore it was the supporting electrolyte in the rest of the study.
Linear-sweep (LS) voltammetry
The 
Square-wave (SW) voltammetry
The square-wave adsorptive cathodic stripping (SWAdCS) voltammetry peak current (1×10 −7 M flavoxate hydrochloride in pH 4 acetate buffer following accumulation onto the HMDE at -0.4 V for 30 s) was optimized by changing the pulse-amplitude (a), frequency (f ) and scan increment (Δs) within the ranges 10 -100 mV, 10 -140 Hz and 2 -10 mV, respectively. Although the peak current was almost directly proportional to each of a, f and Δs, the best peak current and shape were obtained at a = 20 mV, f = 140 Hz and Δs = 10 mV. The peak current intensity was practically independent of the accumulation potential (E acc. ) from 0.0 to -1.0 V (1 × 10 −7 M flavoxate hydrochloride in pH 4 acetate buffer following accumulation onto the HMDE for 30 s (Fig. 3) ). Therefore, an accumulation potential of -0. 
Method validation
Voltammograms of various concentrations of flavoxate hydrochloride were recorded under the optimized conditions for each procedure. The linear ranges, regression equations, limits of detection (LOD) and quantitation (LOQ) reported in Table 1 indicate their reliability for the assay of bulk flavoxate hydrochloride within the sensitivity range. conditions) on the same day using the same standard solution, and on three successive days using different standard solutions. The results ( Table 2 ) confirm both the good precision of the proposed procedure and the stability of the drug solutions. The robustness [14] of the SWAdCS procedure is demonstrated by noting that small variations in pH (4 ± 0.5), accumulation potential E acc. (-0.3 V ± 0.05) and accumulation time t acc (60 ± 5s) have no significant effect on recovery for 1 × 10 −8 M flavoxate hydrochloride ( Table 2 ). The results from the LS, DPP and DCP procedures are similar. The interlaboratory reproducibility of the LSAdCS and SWAdCS procedures was examined by assay of flavoxate hydrochloride using two potentiostats in separate laboratories, PAR 273A (lab. 1) and PAR 263A (lab. 2). The achieved recoveries and standard deviations from laboratories 1 and 2 show no significant difference (Table 2 ).
Analysis of Genurin
R SF tablets
The dc-polarography (DCP), differential-pulse polarography (DPP), linear-sweep adsorptive cathodic stripping voltammetry (LS-AdCSV) and square-wave adsorptive cathodic stripping voltammetry (SWAdCSV) procedures described were successfully applied to the determination of flavoxate hydrochloride in Genurin R SF tablets (200 mg / tablet). Re- coveries of flavoxate hydrochloride based on the average of four replicate measurements, using both the calibration curve and standard addition methods [15] are reported in Table 3. The results were compared with those obtained spectrophotometrically [3] . Values of F -calculated, F-theoretical, t-calculated and t-theoretical are also included in Table 3 . Since the calculated value of F did not exceed the theoretical value there was no significant difference in reproducibility between the electrochemical and spectrophotometric methods [16] . Also, the t-value shows no significant difference in accuracy and precision between the methods [16] .
Conclusion
The electrochemical behavior of flavoxate hydrochloride at the mercury electrode was studied and discussed. Four electroanalytical procedures (DCP, DPP, LSAdCSV and SWAdCSV) for quantitation of flavoxate hydrochloride in bulk and in its pharmaceutical formulation (Genurin R SF tablets) were described. The sensitivity increases in the order: [3] 99.98 ± 0.15 ---* Average of four determinations. ** Calculated from data of the calibration curve method Theoretical F-value = 6.6 and t-test = 2.45 at 95% confidence limit for n 1 = 4 and n 2 = 4.
DCP < DPP < LS-AdCSV < SW-AdCSV. The proposed electroanalytical procedures could be applied to the analysis of this and other similar formulation products containing flavoxate hydrochloride without sample pretreatment or extraction.
